Background/Aims: Mounting clinical experience and evidence from scale observational studies have suggested that polycystic kidney disease (PKD) was not a contraindication for peritoneal dialysis (PD). Recent studies have reported that PD may be associated with a better prognosis in PKD than that of non-PKD patients. To solve the problem, we performed a systematic review and comprehensive meta-analysis to compare the outcomes between PKD and non-PKD patients on PD and the all-cause mortality between patients with PKD on PD and hemodialysis (HD). Methods: We conducted a systematic literature using electronic databases (PubMed, Ovid, Embase and Web of Science) to identify the studies reporting the endpoint events of PKD/non-PKD patients with PD and the all-cause mortality between patients with PKD on PD and HD, such as dialysis adequacy, technique failure, PD-related complications, the mode of RRT change, and all-cause mortality. We searched the literature published February 2018 or earlier. We used both fix-effects and random-effects models to calculate the overall effect estimate. A sensitivity analysis and subgroup analysis were performed to find the origin of heterogeneity. Results: 12 studies with a total of 17,040 patients reported the endpoint events of PKD/non-PKD patients with PD. No significant difference was observed on dialysis adequacy (Kt/V, SMD: -0.02, 95%CI: -0.12-0.08; D: Pcr (4h), SMD: -0.10, 95% CI: -0.26-0.06), technique failure (RR: 0.97, 95%CI: 0.78-1.20), RRT change (RR: 0.96, 95%CI: 0.77-1.19), total PDassociated complications (RR: 1.0, 95%CI: 0.91-1.09) and all-cause mortality (RR: 0.40, 95%CI: 0.33-0.47) in PKD patients, compared with non-PKD subjects undergoing PD. However, the proportion of renal transplantation in PKD patients was higher than that of non-PKD patients (RR: 2.04, 95%CI: 1.88-2.20) with significant heterogeneity (I 2 =82.7%, P=0.000). 4 studies with a total of 5,762 patients reported that the all-cause mortality did not differ between the PKD patients on PD and HD (RR: 0.87, 95%CI: 0.72-1.06). Conclusion: Our meta-analysis found that the outcomes of given population of PKD patients on PD were at least not inferior as
Introduction
Polycystic kidney disease (PKD) constitutes the most common hereditary disease causing end-stage renal disease (ESRD) in the world that accounts for 6-10% of all patients requiring renal replacement therapy (RRT) for each year [1] [2] [3] [4] . It is characterized pathologically by progressive kidney volume secondary to fluid-filled cysts, resulting in reduced intraperitoneal space [5, 6] . But other than that, really, abdominal wall hernias and diverticulitis are also more frequently reported in PKD patients [6] [7] [8] . The number of ESRD patients with PKD receiving RRT markedly increased, due to improved survival of those patients [4] . It has been available for about 10% of all PKD subjects who were dependent on RRT included hemodialysis (HD), peritoneal dialysis (PD) [9, 10] and, if feasible, kidney transplantation [11] . The decision of RRT modality is usually based upon several factors, mainly including patient's physique or choice, resource availability and, to some extent, physicians' advice which may be playing a much more pivotal role. Spithoven et al. [4] showed that the relative contribution to overall RRT decreased from 49.1 to 35.1% for HD, whereas that of PD decreased from 7.4 to 5.8% in PKD patients. On account of an increase in pre-emptive transplantation [2] , the conversion in the initial modality of RRT over time suggested that the percentage of patients receiving HD that declined slightly was higher than that of non-PKD patients. However, PD has remained approximately constant throughout the study periods.
Traditionally, some nephrologists do not consider PD as a suitable RRT option for PKD patients [9, 11] , due to the potential disadvantages of the method: increased prevalence of abdominal wall hernias, insufficient dialysis adequacy based on reduced abdominal space, peritonitis [12] , dialysis fluid leaks [13] , possibly increased mortality [1, 14] and so on [7, 15] . In recent years, scale observational studies [16] [17] [18] [19] [20] suggested that PKD was not a contraindication for PD. Moreover, it has even been suggested that PD may be associated with a better prognosis in PKD than that of non-PKD patients [9, 16, 17, 19, [21] [22] [23] [24] [25] [26] . Therefore, it has raised concern as to whether PD is appropriate for PKD patients. Given that inconsistent results, we systematically reviewed the current literature and performed a systematic review and comprehensive meta-analysis to evaluate whether PD is a suitable RRT option for PKD patients.
Materials and Methods
This meta-analysis was performed and reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [27] .
Search strategies
Two reviewers (T. Z. and J. L.) systematically and independently searched the online databases of PubMed, Ovid, Embase and Web of Science with the last update as of February, 2018 to identify relevant studies. The following keywords were used: 'polycystic kidney disease' or 'PKD' or 'autosomal dominant polycystic kidney disease' or ' ADPKD' or 'autosomal recessive polycystic kidney disease' or ' ARPKD' or 'congenital polycystic kidney' or 'polycystic renal kidney' or 'polycystic disease of kidney' and 'peritoneal dialysis' or 'PD' or 'hemodialysis' or 'HD' 'dialysis' or 'renal replacement therapy' or 'RRT'. Titles and abstracts as well as the reference lists of all of the identified reports were examined independently in duplicate by 2 reviewers (T. Z. and J. L.) to include potentially relevant studies.
Inclusion criteria
Studies that we identified were required to meet the following inclusion criteria: 1) the study design was either a prospective cohort study, retrospective cohort study or case-control studies. Individual case reports, editorials, and review articles were excluded; 2) compared the outcomes in PKD and non-PKD patients with PD, and reported all-cause mortality between patients with PKD on PD and HD; 3) clearly defined the endpoint events, included all-cause mortality, dialysis adequacy, technique failure, PD-related complications and the mode of RRT change; 4) reported data for at least one of the clinical outcomes of interest. We did not contact any organizations to obtain unpublished results and we did not identify any ongoing studies from our systematic review. Authors of conference abstracts were contacted for the published report. We did not apply any language restrictions.
Selection of studies
Two reviewers (T. Z. and J. L.) independently screened the abstracts or titles of the studies from the electronic search to identify all potential eligible studies. Potentially relevant reports were then retrieved as complete manuscripts and assessed for compliance with the inclusion criteria. Disagreements were discussed until a consensus on inclusion/exclusion was reached. For multiple study publications from the same patient cohort reporting on similar outcomes, we chose the study with the largest number of cases. For studies that presented different outcomes, we extracted outcomes from both publications.
Data extraction
Data were extracted onto standardized pro forma by one assessor (T. Z.) and then double-checked by two others (T. Z. and J. L.) from all selected articles using a standard data extraction form to determine eligibility for inclusion. The extracted data elements of this study included first author's last name, publication year, study design, sample size, participants' age and sex, history of diabetes mellitus (DM), duration of follow-up, end point events and PD-modality.
Outcome measures
The clinical outcomes for this meta-analysis were dialysis adequacy, technique failure, PD-related complications, the mode of RRT change, and all-cause mortality in PKD and non-PKD patients on PD. In addition, we also observed the all-cause mortality between patients with PKD on PD and HD.
Quality assessment
To limit the heterogeneity secondary to differences among study designs, the quality of each study was evaluated according to the guidelines developed by the United States Preventive Task Force [28] and the Evidence-Based Medicine Working Group [29] . A point score system was applied according to the quality of the study. The following characteristics were assessed: (1) clear description of inclusion and exclusion criteria; (2) study sample representative for mentioned population; (3) clear description of sample selection; (4) full specification of clinical and demographic variables; (5) follow-up duration more than one year; (6) reporting the loss of follow-up; (7) clear definition of PKD; (8) clear definition of outcomes and outcome assessment; (9) important confounders and prognostic factors identified. Studies were graded as poor quality if they met <5 criteria, fair if they met 5 to 7 criteria, and good if they met≥8 criteria.
Statistical analysis
For categorical variables, we calculated the relative risk (RR), as well as the corresponding 95% confidence interval (CI) for the outcome variables of interest. Unless the outcomes used different scales, when the standardized mean difference (SMD) and 95% CI were used. To evaluate the heterogeneity across studies, we used I 2 derived from the chi-square test, which describes the percentage of the variability in effect estimates resulting from heterogeneity, rather than sampling error (chance). An I 2 >50% indicates at least moderate statistical heterogeneity [30] . We performed fixed-effects meta-analysis unless there was appreciable heterogeneity (I 2 value over 50% or chi-squared P-value less than 0.05), in which case we also performed a random-effects meta-analysis. We conducted fixed effects meta-analysis using the inverse variance method for pooling effect sizes, and random effects meta-analysis using the inverse variance heterogeneity method.
To explore sources of heterogeneity, we performed several sensitivity and subgroup analyses. The sensitivity analysis was also done in a random predefined manner to find the origin of heterogeneity. Subgroup analysis was performed on the study population (PKD or autosomal dominant polycystic kidney disease (ADPKD)), sample size (<200 or ≥200), duration of follow-up (≥3 years or<3 years), geographic area (Asian or not). Publication bias was evaluated using the funnel plot and an Egger's test. Statistical significance was defined as a 2-tailed P value of 0.05. All statistical analyses were performed using Stata 11 (Stata Corp LP, College Station, TX, USA). Fig. 1 displays the study selection flow diagram. The literature search retrieved a total of 5, 691 studies. We identified 1735 duplicate studies, which were discarded. The remaining 3956 abstracts were screened further, and 3927 studies were excluded, because they were either unrelated, irrelevant, review articles or editorials. A total of 28 papers were classified initially as potentially relevant and the full papers retrieved. Of the 28 articles, 14 potential relevant papers were excluded for the following reasons: no associated endpoint events data [12, 13, 15, 31, 32] ; did not compare PKD and Non-PKD patients [33] [34] [35] ; not distinguish dialysis modalities, such as HD or PD [36, 37] ; only epidemiological studies about ESRD due to PKD on PD [2, 4] ; enrolled patients from the same cohorts [10, 38] . Finally, the remaining 14 articles [9, 16-26, 39, 40] were included in our meta-analysis.
Results

Literature search
Description of studies 12 studies with a total of 17, 040 patients reported the endpoint events of PKD/non-PKD patients on PD. 4 studies with a total of 5, 762 patients reported the all-cause mortality between patients with PKD on PD and HD. The main features of the studies on the adverse outcomes for all articles in Table 1 . 7 studies [16-19, 21, 24, 39] were conducted in Europe, with the exception of seven [9, 20, 22, 23, 25, 26, 40] conducted in Asia. Patients' age in PKD ranged from 35.4 to 63.6 years old, however, patients' age in non-PKD was higher than PKD, ranged from 46 to 61 years old. The proportion of history of DM in the studies ranged between 0% and 28.8%, and the mean follow-up periods varied from 22.8 months to 5 years. The outcomes in PKD and non-PKD patients on PD Dialysis adequacy. For the 9 studies [9, 16, 17, [21] [22] [23] [24] [25] [26] which examined the association of Kt/V in PKD and non-PKD patients and 4 studies [16, 22, 24, 26] examined the association of dialysate to-plasma ratios of creatinine (D: Pcr) at 4h in PKD and non-PKD patients. Whether Kt/V or D: Pcr (4h), there was no difference in terms of dialysis adequacy for each other (Kt/V, SMD: -0.02, 95% CI: -0.12-0.08; D: Pcr (4h), SMD: -0.10, 95%CI: -0.26-0.06). Overall, the analysis adequacy did not find a significant influence on the results (SMD: -0.04, 95% CI: -0.13-0.04) from all the above studies. There was no heterogeneity between the studies (I 2 =40%, P=0.067) (Fig. 2) .
Technique failure. Technique failure was defined as a permanent cessation of PD due to PDrelated complications. 5 studies [16, 20, 21, 24, 26] examined the association of technique failure in PKD and non-PKD patients on PD. We found that there was no significantly statistical difference on technique failure in PKD and non-PKD patients on PD (RR: 0.97, 95%CI: 0.78-1.20) without heterogeneity (Fig. 3) .
PD-related complications. For the 9 studies [9, 16, 18-20, 22-24, 26] which examined the association of PD-related complications in PKD and non-PKD patients on PD, 7 studies [9, 16, 19, 20, 23, 24, 26] reported peritonitis, 6 studies [9, 16, 18, 22, 23, 26] reported hernias and 5 studies [9, 16, 23, 24, 26] were leak. We found that there was no significantly statistical difference on PD-related complications in PKD and non- Fig. 2 . Forest plot demonstrating the association of dialysis adequacy in PKD and non-PKD patients on PD. PKD, polycystic kidney disease; PD, peritoneal dialysis; SMD, standardized mean difference; CI, confidence interval. PKD patients on PD (RR: 1.0, 95%CI: 0.91-1.09) with moderate heterogeneity (I 2 =52.5%, P=0.005) (Fig. 4) .
Fig. 3. Forest plot d e m o n s t r a t i n g the association of
The mode of renal replacement therapy (RRT) change
The mode of RRT change included transferred to HD and renal transplantation. For transferred to HD [9, 16-18, 21, 23, 24, 26] , we found that there was no significantly statistical difference in PKD and non-PKD patients on PD (RR: 0.96, 95%CI: 0.77-1. 19 ). However, the proportion of renal transplantation [9, 16, [18] [19] [20] [21] [22] [23] [24] [25] [26] in PKD patients was higher than that in non-PKD patients (RR: 2.04, 95%CI: 1.88-2.20) with significant heterogeneity (I 2 =82.7%, P=0.000) (Fig. 5) .
The all -cause mortality in PKD and non-PKD patients on PD
10 studies [9, 16, 17, 19, [21] [22] [23] [24] [25] [26] evaluated the all-cause mortality in PKD and non-PKD patients on PD. We found that compared to non-PKD patients with PD, all-cause mortality did not increase in PKD patients (RR: 0.40, 95%CI: 0.33-0.47). Heterogeneity among the studies was observed for all-cause mortality (I 2 = 76.8%, P=0.000) (Fig. 6) .
The all-cause mortality between patients with PKD on PD and HD 4 studies [19, 25, 39, 40] with a total of 5, 762 patients reported the all-cause mortality between patients with PKD on PD and HD. The all-cause mortality did not differ between the PKD patients on PD and HD (RR: 0.87, 95%CI: 0.72-1.06) with no heterogeneity (I 2 =7.7%, P=0.355) (Fig. 7) . 
Sensitivity and subgroup analysis
Of the 10 studies [9, 16, 17, 19, [21] [22] [23] [24] [25] [26] evaluated the all-cause mortality in PKD and non-PKD patients on PD, we found that compared to non-PKD patients on PD, all-cause mortality did not increase in PKD patients on PD (RR: 0.40, 95%CI: 0.33-0.47), however, heterogeneity among the studies was observed for all-cause mortality (I 2 = 76.8%, P=0.000). A sensitivity analysis and subgroup analysis were performed to find the origin of heterogeneity. After removing the study by Janeiro et al. [21] which was prospective cohort study, the analysis did not find significant influences on heterogeneity across studies or overall results. Excluding the study by Koc et al. [23] with the youngest patients was also not influence on heterogeneity across studies or overall results. After excluding the study by Ma et al. [25] which had the smallest sample size and the study by Sigogne et al. [19] which had the largest sample size, no significant differences was found in the heterogeneity among the remaining 9 studies.
We also performed a predefined subgroup analyses according to study population (PKD or ADPKD), sample size (<200 or ≥200), duration of follow-up (≥3 years or<3 years), geographic area (Asian or not) ( Table 2 ). We demonstrated sample size, follow-up duration, and geographic area may be the origin of heterogeneity. In addition, our subgroup analysis showed that there was no significant influence on the risk of all-cause mortality in PKD and non-PKD patients on PD within follow-up of 3 years across 3 studies [16, 21, 26] (RR: 1.024, 95% CI: 0.550-1.905). However, the risk of all-cause mortality in PKD patients was lower than non-PKD patients when the period of follow up was more than 3 years across 6 studies [9, 19, [22] [23] [24] [25] (RR: 0.376, 95% CI: 0.314-0.450). 
Publication bias
The results of the funnel plot for all-cause mortality in PKD and non-PKD patients on PD were symmetrical, indicating no publication bias (Fig. 8) .
Discussion
The main finding emerged from the metaanalysis is that there is no significant difference observed on dialysis adequacy, technique failure, RRT change, total PDassociated complications and all-cause mortality in PKD patients, compared with non-PKD subjects undergoing PD. In addition, the all-cause mortality did not differ between the PKD patients on PD and HD. Due to the cognitive level, we would suggest that PKD might be not absolutely a contraindication for PD, and the outcomes of given population of PKD patients undergoing PD were at least not inferior as compared to those with other kidney diseases.
Epidemiologic studies have found that PKD was the fourth leading cause of genetic disorder related to ESRD in adults all over the world [41] [42] [43] . It is responsible for the progressive increase in volume of kidneys resulted from cyst formation gradually shrinking the size of the peritoneal cavity, and then, leading to progression of kidney failure [5, 35, 44] . Dialysis adequacy, one of the principal indicators to evaluate dialysis quality, has an important influence on the choice of dialysis modality, and even outcomes in PKD patients. As is well-known, the adequacy of PD therapy in PKD patients would be impaired by the reduced intraperitoneal volume and effective peritoneal surface area. Some studies suggested that lower dialysis efficiency was associated with reduced abdominal space secondary to the enlarged kidneys in PKD. However, our meta-analysis showed that there was no difference between the PKD group and the control group regarding dialysis adequacy. Therefore, Whether PKD patients were traditionally thought to be poorer candidates for PD therapy than those with other types of nephropathy [11] is needed to consider more factors.
To the best of our knowledge, PD-related complications might be more frequent or severe in PKD patients due to enlarged kidneys or livers which would reduce the intraperitoneal space and increase intraperitoneal pressure, including hernias, leaks, peritonitis [9, 10, 12, 24] , even pre-transplant nephrectomy because of space constraints and other abdominal wall complications [45] . Taken the above potential risks into consideration, PKD often is considered as a relative contraindication to PD therapy. However, the risk of total PD-related complications, especially peritonitis including Gram-negative peritonitis, was similar in both groups in our study. Notably, it found that the incidence rate of peritonitis in PKD patients was substantially lower than that in previous reports, which was 45%-61% [7, 46] . In addition, it is of concern that a significantly increased risk for developing complications in PKD patients mostly contributed to technique failure. Several reports suggested that peritonitis may have worse outcomes and lead to early technique failure [12] . Surprisingly, our study indicated that the risk of technique failure was similar in both groups, whereas a higher rate of transfer to HD because of the specific abdominal wall causes was noted in PKD patients [9, 24, 26] . The choice of RRT modality likewise was depended on several factors, including patient's physique or choice, resource availability, public healthcare system and physicians' advice. In contrast with others [10] , relying on the public health care system, patients in Spain similar to many Western countries, use a PD-first strategy. Although ESRD patients more often chose HD as an initial RRT than PD, the prevalence of PKD among patients starting HD was lower than those starting PD [21] . Interestingly, we found that there was no significant difference about conversion to HD between the PKD group and non-PKD one, but a higher incidence of renal transplantation in PKD patients than non-PKD ones. Kidney transplantation was the leading discontinuation cause of PD in some reports, particularly in PKD patients [17] . Several studies have identified younger age and lower comorbidity as factors that may explain a better kidney transplantation of PKD patients. Patients with PKD were more frequently monitored in pre-dialysis chronic kidney diseases (CKD) outpatientclinics, allowing better care and a planned access to PD in optimized conditions. They probably also had improved control of hypertension and anemia, as well as early inclusion on the transplantation waiting list. Although most probably it is a consequence of the higher proportion of transplanted patients among the ESRD subjects with PKD, compared to patients with other nephropathies, it still shows the degree of underutilization of PD treatment in the PKD population. Unfortunately, this trend may be gegenteilig observed in developed country. According to the report on the RRT in Poland, the proportion of PKD patients treated with PD constituted only 4% of dialyzed subjects in 2011. Total health care costs were lower for PKD patients than that of control patients on dialysis. It may be gradually playing an important role on patients with PKD in ESRD that health care resource utilization and costs for those requiring dialysis were needed to be considered. Therapeutic interventions that can prevent or delay the progression in ESRD patients with PKD for increased dialysis-free life [33] were needed to be considered.
It is up to debate that whether or not the survival of PKD patients is influenced by the type of dialysis, but it is gratifying that an important conformation is being built that PD had no deleterious impact on the survival of PKD patients [19] . Recent ERA-EDTA registry study reported that mortality was lower in PKD group than non-PKD group in all RRT modalities over the last 20 years [4] . In our meta-analysis, we surprisedly found that the all-cause mortality in PKD patients was similar between PKD and non-PKD patients undergoing PD, and even a higher survival of the PKD ones. Also, the all-cause mortality did not differ between the PKD patients on PD and HD. The potential factors that PD is associated with adverse outcomes of PKD patients have not been clearly defined. Several reasons, however, have been suggested to explain why the mortality is lower than those of control group. First of all, PKD patients are younger when they deteriorate into ESRD than non-PKD patients [47] , and incidence of diabetes is also lower than the control group [48] . Kumar et al. [24] found that long-term outcomes were identical in patients with PKD and in non-diabetic matched controls on PD therapy. These could explain why PKD patients had a better outcome than non-PKD groups [19, 48] . Secondly, Blake et al. [49] showed that initial, as distinct from ongoing, serum albumin is an independent predictor of mortality resulted from technique failure inpatients on PD. Thirdly, cardiovascular disease aggrandized the death rate in both PKD and non-PKD patients on all RRT. Cardiovascular mortality was found to be lower in PKD patients in last period detected patients [4] . It is suggested that better risk factor management before and after initiation of RRT and improvements in quality of coronary interventions may have played a role in decreased cardiovascular mortality [50] [51] [52] . Finally, they probably also had improved control of hypertension and anemia, as well as early inclusion on the transplantation waiting list. This is more relevant under an integrated RRT model promoting planned home care RRT and early transplantation [52, 53] . Taken together, these results suggest that the use of PD as RRT for PKD patients does not have a negative impact on survival. But we cannot neglect an assumption that a relative risk for the development resulted from abdominal wall hernias and peritoneal leaks in PKD patients, likely contributing to mortality. PD seems a feasible treatment option for ESRD in the course of PKD and may be always considered as an important element of an integrated therapeutic approach.
Study Limitations
The current study does have some limitations that should be considered. Firstly, all referenced studies from the meta-analysis did not have precise criteria of qualifying patients to the PD procedure, resulting in analyzed cases belonging to a biased population of patients, such as those with low total kidney volume or without a history of hernias. The above-mentioned critical factor may have a significant influence on mortality and outcomes. Secondly, given that most referenced studies from the meta-analysis pertain to retrospective cohort study, which may not randomly qualify PKD patients to PD and HD, and even presetting a fixed kidney and liver volume that would qualify patients to the PD procedure. Thirdly, heterogeneity among the studies was observed for all-cause mortality in PKD/non-PKD patients on PD, and the origin of heterogeneity may be sample size, follow-up duration, and geographic area. Fourthly, despite adjusting for multiple risk factors and prevalent diseases, it is possible that there may be residual confounding from conditions not included in the analysis, for example, population age, and diabetes. Also, the study by Sigogne et al. [19] among the included studies due to the large number of patients included (n = 12, 856) accounting for almost three quarters of the total population was the relative importance. However, our results show strong stability when analyzed with or without Sigogne's study. Finally, considering the insufficient data, we did not further to analyze other adverse outcomes, such as hospitalization.
Conclusion
Our meta-analysis suggests that no significant difference was observed on dialysis adequacy, technique failure, RRT change, total PD-associated complications and allcause mortality in PKD patients on PD, compared with non-PKD subjects. It needs to be acknowledged that for given population of PKD patients, the outcomes of PD were at least not inferior as compared to those with other primary kidney diseases. In addition, the allcause mortality did not differ between the PKD patients on PD and HD. This finding suggests that PD seems a feasible treatment option for ESRD in the given population of PKD. Given the limitations of the proposed, it needs further large-scale studies to assess whether PD is a suitable RRT option for all PKD patients.
